The clustered regularly interspaced short palindromic repeat (CRISPR)-associated (Cas) systems are adaptive immune systems of bacteria. A type II CRISPR-Cas9 system from Streptococcus pyogenes has recently been developed into a genome engineering tool for prokaryotes and eukaryotes. Here, we present a single-plasmid system which allows efficient genome editing of Bacillus subtilis. The plasmid pJOE8999 is a shuttle vector that has a pUC minimal origin of replication for Escherichia coli, the temperature-sensitive replication origin of plasmid pE194 ts for B. subtilis, and a kanamycin resistance gene working in both organisms. For genome editing, it carries the cas9 gene under the control of the B. subtilis mannose-inducible promoter P manP and a single guide RNA (sgRNA)-encoding sequence transcribed via a strong promoter. This sgRNA guides the Cas9 nuclease to its target. The 20-nucleotide spacer sequence at the 5= end of the sgRNA sequence, responsible for target specificity, is located between BsaI sites. Thus, the target specificity is altered by changing the spacer sequences via oligonucleotides fitted between the BsaI sites. Cas9 in complex with the sgRNA induces double-strand breaks (DSBs) at its target site. Repair of the DSBs and the required modification of the genome are achieved by adding homology templates, usually two PCR fragments obtained from both sides of the target sequence. Two adjacent SfiI sites enable the ordered integration of these homology templates into the vector. The function of the CRISPR-Cas9 vector was demonstrated by introducing two large deletions in the B. subtilis chromosome and by repair of the trpC2 mutation of B. subtilis 168.
A
clustered regularly interspaced short palindromic repeat (CRISPR)-associated (Cas) system is a prokaryotic adaptive immune system against invading mobile elements, like phages and plasmids (1, 2) . The system consists of CRISPRs and a variable set of Cas genes. The intervening sequences (spacers) are collected from unsuccessful intruders and serve as a memory for defense against future attacks by the same elements. The clusters are transcribed into pre-CRISPR RNAs (pre-crRNAs), which are processed into single spacer and repeat units. The crRNAs recruit effector complexes and guide them to the target DNA, the protospacer DNA. Finally, after base pairing, the invading element is targeted by a Cas endonuclease generating a double-strand break (DSB). To distinguish between its own and foreign DNA by the CRISPR-Cas system, an additional sequence next to the protospacer sequence is necessary in the invading DNA, the so-called protospacer adjacent motif (PAM) sequence (3, 4) . In the case of the type II CRISPR-Cas9 system of Streptococcus pyogenes (5) , the PAM consists of the triplet NGG. Although the PAM sequence is essential for cleavage, the high frequency of such short motifs in DNA make sure that nearly any DNA can be targeted by the crRNA; therefore, CRISPR-Cas systems have been successfully engineered for genome editing. The crRNA assisted by a trans-activating crRNA (tracrRNA) guides an endonuclease encoded by the gene cas9 to bind to the protospacer with an adjacent PAM sequence NGG and cleaves the double-stranded DNA (dsDNA). This system was further engineered by fusion of crRNA and tracrRNA to the single guide RNA (sgRNA) (6) . Only an exchange of about 20 bp at the 5= end of the sgRNA-encoding sequence is needed to reprogram the target site. In eukaryotic cells, the DSB introduced by Cas9 can be repaired by the erroneous nonhomologous DNA end joining (NHEJ) recombination system, resulting in a mutation at the target site (7, 8) . NHEJ does not work efficiently or is not present in most bacteria. This may be seen as a disadvantage to using CRISPR-Cas9 technology for the inactivation of genes by small deletions or insertions (indels). On the other hand, for precise gene editing, DSBs may be repaired by homologous recombination using an engineered homologous template. The latter process is more efficient in prokaryotes than in eukaryotes. Here, a strong NHEJ might disturb the outcome and lead to off-target effects.
So far, the CRISPR-Cas9 system has been applied in very few bacterial species to edit their genomes (9) (10) (11) (12) (13) (14) (15) ). An example is the two-plasmid-based system constructed for engineering Escherichia coli (10) . In principle, cas9 and sgRNA under the control of constitutive promoters are separated on two different plasmids. The two plasmids are finally combined in the host for genome engineering. The editing template homologous to the chromosomal target locus is integrated into the sgRNA-encoding plasmid or can be provided separately as a PCR fragment. In the latter case, the CRISPR-Cas9 system has to be combined with the Red system. E. coli degrades linear double-strand DNA very rapidly via the RecBCD and SbcCD exonucleases. Gam, one of the three proteins of , prevents the degradation of the linear DNA by inhibiting the nucleases, Exo generates single-stranded DNA, and Beta binds to this single-stranded DNA and facilitates recombination to homologous chromosomal regions (16) . In Bacillus subtilis, such a system is not necessary. The DNA becomes single stranded during uptake by the competent cells and is efficiently recombined with homologous chromosomal regions.
A single-plasmid system (pCRISPomyces-2) was constructed for the genome editing of Streptomyces species (9) . The components of this shuttle vector were (i) a temperature-sensitive pSG5 replicon for Streptomyces, which was used for clearing the plasmid after genome editing; (ii) a ColE1 replicon for constructing and modifying the vector in E. coli; (iii) an apramycin resistance gene for selection in both species; (iv) the cas9 gene codon optimized according to the high GC content of Streptomyces; and (v) a programmable sgRNA expression cassette. Remarkably, the customdesigned spacer sequences are inserted between BbsI restriction sites to replace the lacZ ␣ fragment and allow blue/white screening for successful insertions. Using this vector, a series of deletions were introduced in Streptomyces lividans, Streptomyces viridochromogenes, and Streptomyces albus.
In this study, a single-plasmid system was constructed for the genome editing of Bacillus subtilis that was similar to the pCRISPomyces-2. Soil-dwelling B. subtilis is a model organism for studying the various facets of bacterial life (17, 18) and an important producer strain for industrial enzymes and valuable low-molecular-weight substances (19) . Various tools, like markerless gene deletion and insertion systems, are already available for genome editing. The CRISPR-Cas9 system described here may be a worthwhile amendment of the genetic toolbox of B. subtilis, with advantages and limitations.
MATERIALS AND METHODS
Bacterial strains and culture conditions. For DNA cloning and plasmid preparation, the E. coli strain JM109 (20) was used. For transformation of B. subtilis, plasmid DNA was isolated from the recA-proficient strain E. coli NM538 (21) . E. coli strains were transformed using the transformation and storage solution (TSS) heat shock method (22) . B. subtilis 168 (DSM 23778 trpC2, obtained from Leibniz-Institut DSMZ-Deutsche Sammlung von Mikroorganismen und Zellkulturen GmbH) was transformed according to the conventional two-step procedure with Spizizen's minimal medium as described previously (23) . B. subtilis strain KM0 is derived from B. subtilis 168 by repair of the mutated trpC2 gene (24) . Strains were propagated in LB liquid medium and on LB agar plates at 37°C, if not otherwise indicated. To select plasmids in E. coli, ampicillin was used at a final concentration of 100 g ml Ϫ1 and kanamycin was used at 30 g ml Ϫ1 . For B. subtilis, kanamycin was used at a final concentration of 5 g ml Ϫ1 . To detect amylase production, colonies were streaked on starch containing LB agar plates (1% starch, soluble; Sigma-Aldrich), and the plates were overlaid with Lugol's solution (0.2% iodine in 2% potassium iodide) after 2 days of incubation at 37°C. DNA manipulations. Standard molecular techniques were carried out according to the methods of Sambrook and Russell (25) . Oligonucleotides were obtained from Eurofins MWG Operon (Ebersberg, Germany) (Table 1). When DNA fragments were amplified by PCR from genomic or plasmid DNA, the Q5 high-fidelity DNA polymerase (New England BioLabs, Frankfurt am Main, Germany) was used. Colony PCR was done with DreamTaq DNA polymerase as described before (26) . Chromosomal DNA was extracted from B. subtilis with a DNeasy blood and tissue kit (catalog no. 69506; Qiagen, Hilden, Germany). Plasmid DNA was isolated from E. coli using the innuPrep plasmid minikit (Analytic Jena AG, Jena, Germany). Digested DNA fragments from agarose gel and amplified DNAs in PCRs were isolated with the NucleoSpin gel and PCR cleanup kit (Macherey-Nagel, Düren, Germany). DNA samples were sequenced by GATC Biotech (Constance, Germany).
Construction of the plasmid pJOE8999. Construction of the plasmid pJOE8999 started with the plasmid pJOE8829.1 (unpublished), consisting of the pUC18 minimal origin (20) , the temperature-sensitive minimal replicon from plasmid pE194 ts (27) , the spectinomycin resistance gene aad9 from pDG1730 (28) , and a chloramphenicol resistance gene from pMTLBS72 (29) . In the first step, the aad9 gene was replaced by a sequence consisting of two SfiI sites, separated by a SmaI site and a T7 promoter sequence. The plasmid was cut with BglI and EcoRI, and the vector backbone was ligated with the two complementary oligonucleotides s10631 and s10632 to plasmid pJOE8917.1. In the next step, an sgRNA-encoding sequence with a constitutive promoter was added by cutting pJOE8917.1 with EcoRI and SalI and insertion of a DNA fragment which was obtained by PCR with the oligonucleotides s10625 and s10626 and pJOE8928.1 as the template (see below for construction of pJOE8928.1). In the new plasmid (pJOE8946.16), the chloramphenicol resistance gene was replaced with a kanamycin resistance gene due to the difficulties of selection in E. coli. The plasmid pJOE8946.16 was cleaved with PstI and SacI, and the vector backbone was ligated with a fragment cleaved by the same enzymes and obtained by PCR using the oligonucleotides s10741/s10742, with pMG9 (30) as the template. The new plasmid, pJOE8958.1, carrying the kanamycin resistance gene, was then combined with the cas9 gene under the control of the B. subtilis mannose manP promoter (P manP ). For technical reasons, i.e., to avoid mutations from PCR amplification of large fragments, this was done in two steps. First, P manP and the 5= end of cas9 were added by cleavage of vector pJOE8958.1 with XbaI and BsrGI and ligation with a PCR fragment amplified from the template pJOE8930.8 (see below) using oligonucleotides s10629 and s10630 to construct plasmid pJOE8964.1. In the next step, the cas9 gene was completed by cutting pJOE8964.1 and pCas (10) with NheI and XbaI and ligation of the cas9 3= end into pJOE8964.1 to obtain plasmid pJOE8973.1. Finally, the lacZ ␣ fragment with the promoter and operator sequences from vector pJOE4786.1 (31) was amplified with oligonucleotides s10781 and s10794, and the PCR fragment was inserted between the BsaI sites of pJOE8964.1 into the final vector, pJOE8999.
The plasmid pJOE8930.8 with the 5= end of cas9 under the mannose promoter was obtained by amplification of the corresponding cas9 gene from pCas without its own promoter and ribosomal binding site with the oligonucleotides s10627/s10628 and ligation between the AflII and BsrGI site of pMW168 (32) .
The plasmid pJOE8928.1 with the sgRNA-encoding sequence and a semisynthetic promoter was constructed in several steps starting from the E. coli vanillate-inducible expression vector pJOE7879.1, which contains the Corynebacterium glutamicum vanR regulatory gene and a vanABK optimized promoter sequence fused to the eGFP gene (33) . A MluI/EcoRI fragment with the vanR gene and the Ϫ35 region of the vanABK promoter was inserted into the rhamnose expression vector pJOE5751.1 (34) , which was cut with the same enzymes to give pJOE8924.1. In a second step, the plasmid was cut with EcoRI and BamHI, and the two complementary oligonucleotides, s10621/s10622, were added to complete the new promoter sequence and to introduce a BsaI site (pJOE8925.1). From pCRISPomyces-2, the sgRNA-encoding sequence together with the oop transcription terminator sequence was amplified using oligonucleotides s10623/s10624, and the PCR fragment as well as the vector pJOE8925.1 was cut with BamHI and HindIII and ligated to give pJOE8928.1.
Construction of the vectors pJOE9012.1, pJOE9150.2, pJOE9151.1, pJOE9202.1, and pJOE9194.1. For deletion of the amyE chromosomal region, the plasmid pJOE8999 was first cut with BsaI and the lacZ ␣ fragment was replaced by the two complementary oligonucleotides s10784/ s10785 to obtain plasmid pJOE9007.2. Two PCR fragments, obtained with B. subtilis 168 chromosomal DNA as the template and the oligonucleotides s10782/s10715 and s10783/s10716, were cut with SfiI and inserted between the two SfiI sites of pJOE9007.2 to give pJOE9012.1. The pulcherrimin biosynthesis genes were deleted with the plasmid pJOE9150.2. First, the lacZ ␣ fragment of pJOE8999.1 was replaced by the complementary oligonucleotides s10893/s10894 (pJOE9137.1). Again, two PCR fragments, obtained with B. subtilis 168 chromosomal DNA as the template and the oligonucleotides s10889/s10890 and s10891/s10892, were cut with SfiI and inserted between the two SfiI sites of pJOE9007.2 to give pJOE9150.2. To repair the trpC2 mutation of B. subtilis 168, the oligonucleotides s10962/s10963 targeting the mutated region were inserted between the BsaI sites of pJOE8999 (pJOE9146.1). The wild-type trpC sequence was obtained by PCR using KM0 DNA and the oligonucleotides s10964/s10965, and the 1.5-kb PCR fragment was cleaved by SfiI and ligated with pJOE9146.1 DNA cut by the same enzyme (pJOE9151.1). For site-specific mutagenesis of the trpC wild-type sequence, a SalI/XbaI fragment from pJOE9151.1 containing the 1.5-kb PCR fragment was inserted into pUC18 (pJOE9193.1). This whole new plasmid was amplified with the primers s11056/s11057, and the PCR fragment was purified and treated with polynucleotide kinase to phosphorylate the 5= ends, which were again purified and treated with DpnI to remove the original template DNA. Finally, the PCR fragment was circularized by T4 DNA ligase and used to transform JM109. The plasmid with the requested sequence was identified by nucleotide sequencing (pJOE9197.3). Finally, the SfiI fragment with the modified trpC sequence was introduced again in pJOE9146.1 to get pJOE9198.1. Plasmid pJOE9202.1, used as a control for homologous recombination, was obtained by cloning the modified trpC sequence from pJOE9198.1 between the SfiI sites of pJOE8999.
RESULTS

Construction of the vector pJOE8999 to enable CRISPR-Cas9
based genome editing. The vector pJOE8999 (Fig. 1A) is a shuttle vector containing the minimal pUC origin of replication in E. coli and the temperature-sensitive replicon from pE194 ts for replication in B. subtilis. A kanamycin resistance gene allows the selection of the plasmid in both species. For cas9 expression, the S. pyogenes native promoter of the cas9 gene was replaced by the B. subtilis mannose-inducible promoter P manP . This promoter is not active in E. coli, and in B. subtilis, it is activated by ManR in the presence of mannose and in the absence of glucose (35) . For constitutive sgRNA expression, a semisynthetic promoter with high identity to the improved P vanABK promoter of Corynebacterium glutamicum was used (Fig. 1C) . The sgRNA-encoding sequence was amplified by PCR from pCRISPomyces-2 together with the oop terminator sequence. For rapid and easy exchange of the spacer sequence, a lacZ ␣ fragment flanked by BsaI sites instead of the BbsI sites, as found in pCRISPomyces-2, was inserted into the empty CRISPR array. For the cloning of homology templates to repair the doublestrand breaks caused by the endonuclease Cas9, two SfiI sites separated by a SmaI site were inserted (Fig. 1B) . This allows a singlestep assembly of multiple fragments with a designed order, a method referred to as ordered gene assembly in B. subtilis (OGAB) (36) . Besides the SfiI sites, a T7 promoter sequence was inserted to allow DNA sequencing of the cloned homology templates.
Deletion of two B. subtilis chromosomal regions employing the vector pJOE8999. For demonstration of the functionality of the CRISPR-Cas9 system in B. subtilis, two deletions were introduced into the genome, a very large deletion with 25.1 kb containing the amyE gene and a shorter deletion with 4.1 kb containing the pulcherrimin biosynthesis genes. In the meantime, a range of sequence features in and around the target sequences that predict sgRNA efficiency have been identified (37) . With the help of the sgRNA Designer tool provided by the Broad Institute (38), candidate sgRNA sequences were identified in the amyE sequence, and a high-scoring sequence was chosen for oligonucleotide synthesis. In the first step, the two complementary oligonucleotides s10784 and s10785 with protruding ends were inserted into the BsaI cleaved vector pJOE8999 (plasmid pJOE9007.2). In a second step, two fragments flanking the target sequence with lengths of about 700 bp were amplified by PCR from B. subtilis 168 chromosomal DNA as the template. On both sides of the fragments, SfiI sites were introduced by the oligonucleotides used for PCR and were ligated with SfiI-cut pJOE9007.2 DNA to construct pJOE9012.1, ready for transformation of B. subtilis.
In the same way, the plasmid pJOE9150.2 for the deletion of pulcherrimin biosynthesis and regulatory genes was constructed. The gene yvmC, encoding the cyclodipeptide synthase, was checked with the sgRNA Designer software, and a high-scoring 20-nucleotide (nt) sequence was identified. The sequence was synthesized into two complementary oligonucleotides and inserted between the BsaI sites of pJOE8999 to construct pJOE9037.1. Two 700-bp fragments flanking the target region were amplified by PCR and inserted between the SfiI sites of pJOE9037.1 to get pJOE9150.2 (Fig. 2) .
B. subtilis 168 was transformed with pJOE9012.1, pJOE9150.1, and, as a control, the vector pWAL275 (24), a pUB110/pUC shuttle plasmid without CRISPR-Cas9 components. The LB agar plates containing 5 g ml Ϫ1 kanamycin and 0.2% mannose for induction of cas9 under the control of P manP were first incubated at 30°C. Colonies appearing within 2 days were placed with a toothpick on LB plates without antibiotics and incubated at 50°C; on the next day, they were streaked on LB plates to obtain single colonies at 42°C. Finally, the colonies were tested again for plasmid loss by transferring single colonies to LB agar plates with kanamycin. Usually, about 90% of all colonies tested had lost the plasmids ( Table 2 ). The plasmid-cured cells were checked by colony PCR using the outer primers from the 700-bp homology templates. In the case of a successful deletion, the fragment size should be reduced from 26.5 kb to 1.5 kb with pJOE9012.1 and from 5.6 kb to 1.5 kb with pJOE9150.1. In addition, cells transformed with plasmid pJOE9012.1 should have lost the amyE gene. Therefore, these colonies were also streaked on starch-containing LB agar plates, and amylase production was checked by iodine staining. The results are summarized in Table 2 . The transformation rate of the CRISPR-Cas9-containing plasmids was slightly lower than that of pWAL275. Notably, the colonies appeared to be delayed compared to the control and were heterogeneous in size. About 90% of colonies treated with pJOE9012.1 had lost the amyE gene according to the amylase test on the agar plates, and this result was confirmed by colony PCR. Most colonies showed the expected amplified fragment of about 1.5 kb; only 3 amylase-negative colonies showed no amplified DNA, and one colony gave a smaller fragment. DNA sequence analysis of three PCR fragments showed that the deletion occurred as expected. In the case of pJOE9050.1, 97% of the colonies showed the expected deletion of the pulcherrimin biosynthesis genes as tested by colony PCR. Only 1 of 46 colonies produced no amplified fragment. Again, 3 fragments were sequenced and showed the expected sequence fusion caused by the deletion.
Repair of the trpC2 mutation. Another important aim of genome editing is the exchange of single or a very low number of nucleotides to repair mutations or to improve or change enzyme properties. Regarding the repair of mutations, the trpC2 mutation of B. subtilis 168 became a good candidate for which to screen. The trpC2 mutation is due to a deletion of the triplet ATT, which leads to a lack of an isoleucine residue in TrpC. Inspection of the DNA sequence around the mutation revealed only one possible PAM sequence (AGG) that was accessible for the Cas9 enzyme, located 16 bp downstream from the missing triplet sequence. Unfortunately, the deduced spacer sequence directed against the trpC2 mutant sequence also completely matched the trpC wild-type sequence (Fig. 3) . This means that the target sites for Cas9 were in the trpC2 gene on the chromosome as well as in the editing template of the plasmid. Nevertheless, the spacer sequence was integrated between the BsaI sites of pJOE8999 (plasmid pJOE9146.1). The trpC wild-type sequence was obtained from B. subtilis KM0 DNA by PCR, and the amplified fragment was integrated between the SfiI sites of pJOE9146.1 to give pJOE9151.1. When B. subtilis 168 was transformed with this plasmid, no colonies were obtained. In a second attempt, the transformation was repeated and the cells were plated on LB agar plates containing 0.5% glucose in addition to kanamycin, which should reduce cas9 expression due to catabolite repression. In this way, colonies were obtained; however, they could not be further propagated on kanamycin-containing LB agar plates. Obviously, even with a reduced expression of cas9, there was enough Cas9 produced to slowly cleave the target sites. This should lead to plasmid loss, unrepaired DSBs in the chromosome, antibiotic sensitivity, and finally inhibition of cell growth. It further demonstrated that in E. coli the mannose promoter is completely inactive. To succeed in the repair of trpC2, a strong difference between wild-type trpC and trpC2 was needed. By site-specific mutagenesis, 3 bp were exchanged between the trpC2 mutation site and the PAM motif within the trpC wild-type sequence. The changes were conducted in the codon wobble positions to leave the amino acid sequence unaltered. Care was taken to do the base changes proximal to the PAM sequence, the so-called seed sequence, which has the most influence on target sequence recognition (6) . In addition, the first G residue in the PAM sequence was changed to an A residue (AAG). The fragment was inserted into pJOE9146.1 to get pJOE9198.1. Transformation rates now reached the same level as those obtained with the control plasmid pWAL275. After heat treatment for plasmid curing, most colonies were kanamycin sensitive and all colonies were tryptophan positive ( Table 2) . Amplification of the trpC region with the primers used before for cloning of the 1.5-kb trpC wild-type sequence gave the expected size, and DNA sequence analysis showed the modified trpC wild-type sequence. To see that this high frequency of repair is caused mainly by Cas9's action and not just by homologous recombination, the modified trpC-containing fragment was further inserted into the vector pJOE8999 without the corresponding spacer sequence (pJOE9202.2). Using pJOE9202.1, B. subtilis 168 was transformed as before, the plasmid was cured, and the colonies were tested. Only a few colonies were still kanamycin resistant, and only about 20% were tryptophan prototrophs, demonstrating the strong selection of repair by the CRISPR-Cas9 system.
DISCUSSION
Various methods for genome engineering are available for B. subtilis (39) (40) (41) (42) (43) (44) 26) . The most useful ones are certainly the markerless systems, which allow the editing of the genome in such a way that no scars, such as antibiotic resistance genes or site-specific recombination sites, are left behind. Examples described so far for B. subtilis are the selection/counterselection systems. As with the CRISPR-Cas9 system described above, two fragments flanking the target sequence are inserted into a plasmid vector. The vector, constructed in E. coli, does not replicate in B. subtilis. After transformation of B. subtilis, the integration by a single-crossover event into the genome is selected by an antibiotic resistance gene. In a second step, excision of the vector is forced by a counterselection marker. On average, in about 50% of cells, the vector is excised again as it is integrated, and in the other 50%, the vector is excised together with the target sequence, leading to the desired modification. Less effort is needed for construction of the plasmids used in the selection/counterselection systems than in the CRISPRCas9 system since no spacer sequences are required. For changing single nucleotides, the requirement of a PAM sequence nearby limits the use of the CRISPR-Cas9 method or requires even more effort to prepare a proper homology template, as was demonstrated in this work for repairing the trpC2 mutation. Another slight disadvantage is the longer incubation time needed after transformation with the CRISPR-Cas9 plasmid. Presumably, due to the double-strand break caused by the sgRNA/Cas9 complex, a considerable proportion of the cells do not survive. On the other hand, there are important advantages of the CRISPR-Cas9 system. First of all, counterselection genes are rare, and a suitable gene has to be identified for every new strain. Furthermore, for most selection/counterselection systems, certain mutations in a host are a prerequisite. Examples are counterselection systems using the toxicity of mannose in a manA (mannose 6-phosphate isomerase) strain (26) or the toxicity of 5-fluorouracil in a upp mutant (43) . Another advantage is the shorter time to achieve the mutations. The colonies appearing after transformation are already modified in the desired way and need only to be cured for the plasmid. Finally, although selection/counterselection systems should produce about 50% of cells with the desired modification, sometimes it can be very laborious to find the corresponding mutant, which may be caused by an unlucky distribution of sites, recognized by the homologous recombination system. In summary, this new B. subtilis genome editing tool provides some important advantages and should be useful for engineering B. subtilis. Except for the positively regulated B. subtilis mannose promoter, the replication origin of broad-host-range pE194, the kanamycin resistance gene, and the sgRNA promoter should be functional in other firmicutes as well, so the plasmid might be easily adapted for genome engineering of other firmicutes species.
